###### Strengths and limitations of this study

-   This is the first study linking mHealth and cardiovascular disease in Kerala, which improves our understanding of how mHealth can address population-specific needs.

-   These findings are likely to be relevant and generalisable to other rural settings in India.

-   The study\'s main limitation is the lack of methodological and investigator triangulation.

Background {#s1}
==========

mHealth, or mobile health, is the use of mobile devices to support medical and public health.[@R1] Through the use of existing mobile phone infrastructure, mHealth offers innovative solutions to health problems in high-income economies, where the mHealth industry continues to grow, and also increasingly in low-middle income economies.[@R2] An evaluation of mHealth technologies in developing countries identified a number of key drivers for its implementation, including the empowerment of patients with disease knowledge, overcoming geographical barriers, improved efficiency in data collection and transmission and multilevel cost saving opportunities.[@R3] As the second largest subscriber of mobile phones with one of the lowest call tariffs worldwide,[@R4] India is an attractive candidate for the mHealth industry. Additionally, India is the fastest growing smartphone market in Asia/Pacific,[@R5] facilitating future adoption and development of novel mHealth services.

One of India\'s most pressing public health concerns is its mounting cardiovascular disease (CVD) burden. By 2020, CVD is projected to become the largest cause of death and disability in India as mortality rates increase to 4.77 million deaths a year.[@R6] [@R7] However, the majority of CVD mortality and morbidity is avoidable through a decrease in key modifiable risk factors such as smoking, physical inactivity and dietary intake.[@R8] The southern Indian state of Kerala portrays one of the poorest CVD risk factor profiles in the nation: 21.9% are tobacco users, 39.7% have poor dietary habits, 33.9% show abdominal obesity, 28.8% have hypertension, 14.8% have diabetes mellitus and 54.1% have hyperlipidaemia.[@R9] The consequence of such highly prevalent risk factors is reflected in the results of two separate studies in 2011, both showing CVD as the primary cause of death of adults during the study periods.[@R10] [@R11] Paradoxically, Kerala\'s health indicators are favourable compared to the rest of India, including literacy rate (Kerala: 94%, India: 74%) and infant mortality rate (Kerala: 12, India: 40/1000 live births), and are similar to those of developed nations.[@R12] The causes of Kerala\'s unexpectedly high CVD prevalence are widely debated, but the urgent need for improved CVD prevention and control is undisputed.[@R7] [@R13]

Despite the majority of mHealth in low-middle income economies focusing on sexual health and communicable diseases, there is great potential for mHealth to improve CVD management. Existing non-communicable disease (NCD) mHealth trials have reported improved health outcomes related to NCD management, in particular regarding text message interventions to support exercise, diet and smoking cessation.[@R18] Other potential benefits of mHealth in a low-resource setting include treatment reminders, disease monitoring and support for patients and health workers.[@R23] [@R24] In Kerala, a combination of the increasing popularity and economic feasibility of mobile phones, a growing CVD epidemic and a high risk factor prevalence provides a suitable context in which to implement CVD-related mHealth interventions.

Although there is a lack of CVD-related mHealth research in India, quantitative studies have highlighted the likely acceptability and feasibility of mHealth in a rural Indian setting.[@R25] [@R26] However, owing to the presence of inter-state health disparities, it is important to obtain region-specific data in India; thus, there is still a recognised need for in-depth qualitative research concerning the need and acceptability of mHealth to suit specific populations and develop optimal health interventions.[@R25] Therefore, this study was designed to investigate the perceptions of three different stakeholder populations in order to assess the potential for using mHealth for CVD management in Kerala. The study objectives are to explore: (1) the experiences and challenges of current CVD management; (2) the current use of mobile phones; (3) the expectations of and barriers to mobile phone use in CVD management.

Methods {#s2}
=======

Context {#s2a}
-------

The government sector of healthcare in Kerala is structured on primary, secondary and tertiary levels between Ayurveda, Homoeopathy and modern medical systems, the last being the preferred system for specific conditions such as CVD. Primary health centres (PHCs), serving a population of around 10 000, offer health promotion services and activities.[@R29] This includes the National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases and Stroke, which was implemented in Kerala during 2010--2012 to promote healthy lifestyles, early diagnosis and management of NCDs.[@R30] The physicians' roles at PHCs resemble that of a general practitioner and they are responsible for helping patients navigate and utilise higher levels of services or alternative medicines if required.

The National Rural Health Mission employs female community health workers, or Accredited Social Health Activists (ASHAs), to link rural communities with primary healthcare services. Deployed within a village, ASHAs act as the first point of access to healthcare for rural communities. Approximately one ASHA is deployed per thousand population. Their roles include promoting good health practices and providing information on basic determinants of health and existing health services.[@R31] The role of ASHAs in communicable disease and maternal health is well established, but there is little evidence concerning their role in NCDs in Kerala. One study assessing ASHA performance motivation highlighted the need for healthcare delivery system improvements, supportive supervision, knowledge enhancement and enabling working modalities,[@R32] providing justification for mHealth exploration in this group.

Setting, sample and recruitment {#s2b}
-------------------------------

Following guidance on the qualitative sample size from Guest *et al*,[@R33] a minimum sample size of fifteen participants was recruited from five different PHCs across five adjacent village districts in Kerala. The sample consisted of three different stakeholder groups: (1) ASHAs; (2) physicians treating CVD; (3) patients with CVD and/or its risk factors. Maximum variation sampling[@R34] of patients, based on age, sex, CVD diagnoses and risk factors, aimed to capture a range of experiences and demographics. Convenience sampling[@R34] was suitable for the rest of the sample.

Potential participants meeting the eligibility criteria, which included access to a mobile phone and language fluency in either English or Malayalam, were recruited either by telephone (patients directly) or in person at the PHC (via ASHAs and physicians). Participants non-fluent in English were recruited by a translator fluent in Malayalam and with healthcare experience (doctors or ASHAs); all other participants were recruited by the researcher. One participant from each stakeholder group was recruited from each of the five PHCs, resulting in five ASHAs, five physicians and five patients. All 15 participants initially contacted gave consent to participate.

Data collection {#s2c}
---------------

Individual semistructured interviews took place over a period of 6 weeks. Interview guides covered three topics: (1) the experiences and challenges of current CVD management; (2) the current use of mobile phones; (3) expectations of and barriers to mobile phone use in CVD management. Questions were generated using previous qualitative literature examining mHealth applications[@R35] and were designed to answer the three main research objectives through comprehensive exploration of experiences and views on the topic. Interviews were piloted for relevance, acceptability and understanding for each stakeholder group prior to data collection and adjusted accordingly (see online supplementary appendix 3). Field notes were made immediately after interviews to provide context. All interviews were: (1) with a translator present if necessary; (2) conducted in a private room at the PHC; (3) audio-recorded using a Dictaphone; (4) between 20 and 45 min in length.

Analysis {#s2d}
--------

Interviews were transcribed verbatim as soon as possible after each interview and uploaded onto NVivo (qualitative data software manager) (RS and JR). Anonymised transcripts were analysed by the researcher (RS) using thematic analysis.[@R38] Open coding, which involved thorough familiarisation and annotation of transcript data, occurred over a 2-month period in two phases: (1) immediately after interview transcription; (2) 4 weeks after the last interview transcription. In the first phase, provisional codes were inductively derived from individual data and linked to form themes. Generated codes were recorded in a digital codebook and are displayed in online supplementary appendix 4. Analysis occurred concurrently with data collection to facilitate constant comparison of data---emerging themes were compared to previous individual interview data and between stakeholder group data to identify, develop and confirm overarching themes. Analysis was repeated and checked during the second phase of coding; codes and themes generated on both occasions were compared for agreement and discrepancies were reviewed with respect to the original transcripts in order to ensure rigour and consistency in analysis. In further acknowledgement of the need for transparency and the potential biases introduced by a sole researcher (RS) in data interpretation, reflexivity was practised throughout the entire process. Contradictory evidence was sought to minimise any researcher bias that might interfere with unusual insights. No new codes were added to the codebook after the ninth interview; by definition,[@R39] data saturation was achieved.

Results {#s3}
=======

All ASHA and physician participants (collectively referred to as 'health workers') were female and aged \<50 years. As a prerequisite, ASHAs are all literate and of a similar age.[@R31] Homogeneity was also observed for physicians working at the PHCs, reasons for which are beyond the scope of this study, but are perhaps explained by Indian cultural norms regarding gender roles. The patient participant characteristics were varied: age range 51--83 years, three males and two females, CVD diagnoses ranging from only one CVD risk factor to more than one acute CVD event. The finalised key themes are categorised under the three interview topic areas and summarised in [table 1](#BMJOPEN2015009367TB1){ref-type="table"}.

###### 

Summary of main themes

  Current experiences and challenges of CVD management                                                                                                                                                      Current mobile phone use                       Expectations of and barriers to mobile phone use in CVD management
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1.1 Poor patient disease knowledge1.2 Difficulties in implementing primary prevention1.3 Poor lifestyle1.4 Other: Family influenceHealth worker knowledge supportHealthcare expensesPhysicians are busy   2.1 Phone calls2.2 Ubiquity of mobile phones   Expectations: 3.1 Improves accessibility to health information3.2 Provides reminders3.3 Saves time, money and travel3.4 Improves job efficacyBarriers:3.5 Usability of mobile phones3.6 Radiation fears3.7 Potentially negative effect for physicians3.8 Need for physical consultation

CVD, cardiovascular disease.

Current experiences and challenges of CVD management {#s3a}
----------------------------------------------------

Although presented separately, the main themes overlap: poor patient disease knowledge, poor implementation of CVD prevention and poor lifestyle. These themes are displayed according to stakeholder group in [table 2](#BMJOPEN2015009367TB2){ref-type="table"}.

###### 

Current experiences and challenges of CVD management

  ASHAs                                                                                                                                                                             Physicians                                                                                                                                                                           Patients
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------
  1.1 Poor patient disease knowledge1.2 Difficulties in implementing primary prevention1.3 Poor lifestyle1.4 : family influencehealth worker knowledge supporthealthcare expenses   1.1 Poor patient disease knowledge1.2 Difficulties in implementing primary prevention1.3 Poor lifestyle1.4 : health worker knowledge supporthealthcare expensesphysicians are busy   1.1 Poor patient disease knowledge1.3 Poor lifestyle1.4  family influencehealthcare expenses

CVD, cardiovascular disease.

### Poor patient disease knowledge {#s3a1}

Twelve of fifteen participants showed low levels of disease awareness and knowledge. Despite existing strategies to increase awareness, the need to further improve patient education was recognised by all stakeholder groups.""Actually what I think is that there has to be more and more of health education. Education is the main thing. Even though we have health education for the people it\'s not in effect, they\'re not actually very much informed." (Physician 3)"""Sometimes I am unsure if I am doing the right thing, like with food, and so I would like advice on that." (Patient 3)"

### Difficulties implementing primary prevention {#s3a2}

Health workers believed that patients are "not bothered about primary prevention" and are unlikely to implement lifestyle changes and adhere to medication regimes until an acute CVD event occurs. For this reason, they stated that secondary preventative measures are more effective for patients. Participants implied that poor patient disease knowledge is the primary cause for this.""But most patients, they address the doctor in the last stages ... after they have had an operation, or angiogram, in the hospital, when they feel frightened. This time, when they are scared, they will start controlling the food and exercise. But patients need to be doing this before they have the problem!" (ASHA 2)"

### Poor lifestyle {#s3a3}

Poor health behaviours were acknowledged to be highly prevalent in this population and a key contributor to CVD development. Moreover, ASHA and physician participants revealed that patients are often slow to practise lifestyle advice and make positive health behaviour changes: they are "busy or working or unavailable" or "tend to forget" lifestyle changes. Participants reported the difficulties of trying to change patient lifestyles, in particular smoking and alcohol use. Health workers thought that patients prefer medication because it is "easier for them" than lifestyle changes.

Diet is a particularly salient point; 8 of 10 health workers discussed the need for better food control in their populations. Participants blamed the increasing availability of fast food, combined with a traditional diet rich in coconut oil and carbohydrates, for causing deteriorating dietary habits. Additionally, urbanisation of formerly rural areas has preceded a rapid shift from daily physical exertion to an increasingly sedentary lifestyle. The detrimental effect of poor diet and lack of exercise is an important influence on CVD development.""... people did not used to take so much of junk food and such things ... and there\'s no physical labour, physical exertion. People are mostly doing paperwork. In Kerala, mostly that is the problem." (Physician 1)"

### Other {#s3a4}

Other notable themes were identified concerning current CVD management: *Family influence*. Family may be an invaluable support to those patients who are less willing or able to make healthier lifestyle choices.*Health worker knowledge support*. Health workers would like support in keeping up to date with new guidelines and treatment protocols, especially when working in more remote areas.*Healthcare expenses*. Patients may avoid having tests and investigations if they cost time, money or travel. Medications not supplied by the government are expensive.*Physicians are busy*. PHCs are often overcrowded, leaving physicians very little time to spend with each patient.

2. Current mobile phone use {#s3b}
---------------------------

### Phone calls {#s3b1}

Making phone calls was reported as the primary function of mobile phones. Communication between stakeholders is informal and unregulated. In most cases, only those patients requiring more specialised care, such as antenatal and palliative patients, will have their physician\'s contact number. The main reasons given for mobile phone communication between health workers and patients were for arranging immunisation appointments and home visits and to clarify patient doubts. Communication between health workers can involve calling superiors for advice and patient referrals.

Text messages were used infrequently. One ASHA was concerned that patients literate only in Malayalam would struggle to send and understand text messages on mobile phones, which only accommodate the English alphabet. Text messages can also be an insufficient source of information and fail to clarify the recipient\'s questions. Furthermore, patients reported not being able to understand how to send text messages. The use of internet and email were scarcely mentioned.

### Ubiquity of mobile phones {#s3b2}

Participants stated that the vast majority of the population owns, or has access to, a mobile phone, and they have become a necessity in daily life.""Because most of the patients, everybody, young or old they have the mobile, or at least a basic set." (ASHA 3)"

3. Expectations of and barriers to mobile phone use in CVD management {#s3c}
---------------------------------------------------------------------

The main expectations of and barriers to mobile phone use according to the stakeholder group are summarised in [figures 1](#BMJOPEN2015009367F1){ref-type="fig"} and [2](#BMJOPEN2015009367F2){ref-type="fig"}.

![Main expectations of mHealth. ASHSs, Accredited Social Health Activists.](bmjopen2015009367f01){#BMJOPEN2015009367F1}

![Main barriers to mHealth. ASHSs, Accredited Social Health Activists.](bmjopen2015009367f02){#BMJOPEN2015009367F2}

### Improve accessibility to health information {#s3c1}

The communication networks offered by mobile phones could potentially benefit all stakeholders involved by improving accessibility to health information. First, in response to the high risk factor prevalence in this population, mobile phones can be used to disseminate healthy lifestyle advice to support and motivate patients making challenging lifestyle changes.""\[I would like advice\] about the food. I think it is good but sometimes I cannot be sure and maybe advice about the food would be helpful." (Patient 2)"

Health workers could improve their own clinical knowledge, as well as access decision-making information whenever and wherever they may require it. This removes the geographical and time restraints that are often encountered in busy, remote health centres.""It\'s easier because then otherwise you have to ask the patient to come again. I can ask the patient to wait for some time and I contact \[a senior\] on my phone and get a response immediately, and advise them as they say." (Physician 5)"

Data can be shared quickly and efficiently through mobile phones. For example, patients could send in measurements, such as blood glucose readings, without having to travel to the health centre. This enables remote monitoring of disease and treatment adjustment.""We could send results through mobile phones, like the sugar levels, and the doctor can easily understand what is going on." (ASHA 5)"

### Provide reminders {#s3c2}

Thirteen of fifteen participants reported the potential benefit of receiving reminders about important aspects of disease management, such as appointments, medication and healthy lifestyle changes, in order to improve disease management.""Actually about fixing appointments, like if they are taking drugs for one month, then if they can get a reminder about getting an appointment ... Actually it can be good if they can get a reminder of drug adherence. If they can get it, that would be good." (Physician 3)"

### Save time, money and travel {#s3c3}

Although two ASHA participants noted that cumulative use of mobile phones is costly, patients focused on the potential cost-saving opportunities mobile phones could offer.""For example, if I have to make an appointment, I have to travel to the hospital. So the time, the cost, the travelling, all that is saved with the mobile phone." (Patient 3)"

### Improve job efficacy {#s3c4}

ASHAs recognised the potential for mobile phone use to improve their work efficacy. The broad reason given was increased communication with patients and colleagues facilitating the planning and conduct of home visits.""Our work efficiency can be improved. There are more patients who are contacting us, and for us contacting more people on the phone. It would be more useful in many ways." (ASHA 3)"

### Usability of mobile phones {#s3c5}

Participants acknowledged that you must know how to use the different functions of mobile phones in order to reap any potential benefits. Age was considered to play an important role in this. The younger members of the population are deemed more accepting of mobile phones and more knowledgeable about its various capabilities.""The patients are not aware of the function of the mobile phones, especially those above fifty or sixty, those who are elderly, so they do not use it. (Physician 4)"

### Radiation fears {#s3c6}

Four health workers mentioned that the effects of radiation act as a barrier to mobile phone use. They were concerned about mobile phone overuse and the unintentional harm it may cause to the body.""Mobile by the ear it is near the head, in the pocket it is near the heart, in the pants it is near the man parts! We worry about this bad radiation. It is not good." (ASHA 2)"

### Potential negative effect for physicians {#s3c7}

Physicians were the main advocates against the use of mobile phones. With busy work schedules, they were concerned that increased use of mobile phones will become a disturbance to their work and personal lives. Unregulated phone use may appear unprofessional and pose a threat to patient care.""...but for the doctors I think that maybe their job will be affected. Sometimes the call may be coming when they are with another patient." (Physician 5)"

### Need for physical consultation {#s3c8}

Physicians still need patients to attend physical consultations at the health centre, rather than virtual consultations using a mobile phone. Increased mobile phone use may result in fewer patients attending appointments and hinder the need for physical patient examination.""If you keep asking them about medicines and all on the phone, then I think they will not turn up to the primary care. You can\'t believe whatever they say. It depends on your examination of the patient." (Physician 2)"

Discussion {#s4}
==========

Principal findings and implications for practice {#s4a}
------------------------------------------------

To the best of our knowledge, this is the first qualitative study of the potential of mHealth in India, and emphasises three main uses of mHealth: (1) as an educational tool; (2) to optimise the use of limited healthcare and patient resources; (3) to improve use of healthcare services for disease prevention and management. All stakeholders agreed on the potential of mobile phones as an educational tool for healthcare consumers and providers by improving patient disease knowledge and supporting health worker clinical knowledge. Utilisation of existing mobile phone functions, such as phone calls, text messages and internet, or the introduction of novel methods, such as health apps, could increase the accessibility and quality of information available (interestingly, apps were not mentioned in any of the interviews, despite their increasing acclaim in the developed world[@R40] [@R41]). Consequently, disease prevention would be enhanced by improved compliance with a healthy lifestyle and other primary preventative measures. mHealth also offers opportunities to save time, money and travel, facilitating the optimisation of limited resources. The unique possibility of providing remote care at minimal cost has been echoed in a literature review of mHealth applications along the cancer continuum.[@R42] The use of mHealth to provide reminders to patients about appointments, medication and lifestyle has shown improved health outcomes in previous studies;[@R22] [@R43] with evidence from participants of forgetfulness, non-attendance and non-adherence, this may play a valuable role in CVD prevention and management.

Physicians are the leading opposition to mHealth implementation, with all four themes regarding barriers arising during physician interviews ([figure 2](#BMJOPEN2015009367F2){ref-type="fig"}). A lack of physician support hindering widespread mHealth use is mirrored in a 2012 report by the Economist Intelligence Unit.[@R44] Concerns over radiation are also of note, but current evidence is inconclusive; a review of the available epidemiological evidence states that mobile phone radiation is 'probably' carcinogenic.[@R45] Until definitive evidence on the effects of mobile phone radiation emerges, it is likely to remain a barrier to its use. The usability of mobile phones in relation to age must be acknowledged. Participants show concern over the usefulness of mHealth for chronic diseases, which are typically prevalent in elderly, more technologically challenged patients. Although a valid concern for the current CVD population, only a few years separates the technologically literate generation from becoming the generation at risk of CVD. Thus, usability as a barrier is likely to lose its pertinence over future years.

There are several reasons why the success of potential mHealth use may lie in its ability to complement, rather than replace, existing methods of healthcare delivery. Evidence from the developed world has shown that mobile phones can be an effective complement to usual chronic disease management.[@R22] Complementary methods would help to facilitate the acceptability of mHealth in a setting where mobile phone technology is a relatively recent innovation---outright replacement of conventional healthcare methods may deter instead of encourage apprehensive users, as is evident from the interviews. For moral and ethical reasons, mHealth should avoid perpetuating socioeconomic health inequalities: those who cannot afford a mobile phone should not be subjected to a lower standard of care than usual; thus, mHealth should not replace usual care. Finally, as reflected in the physician and patient interviews and supported by the results of a similar study for HIV/AIDS in Uganda,[@R46] the importance of face-to-face patient-physician contact in disease management must not be forgotten. Without this, certain signs and the underlying context which might be crucial to diagnosis and management may be difficult to ascertain.

What may be most suitable for this population is an intervention similar to several trials worldwide using a bank of text messages to provide lifestyle advice and health awareness to high-risk individuals.[@R47] This would target the current challenges of CVD management in Kerala in a manner suiting the limited resources and technological capability, as well as complement current methods of care without being intrusive to health workers.

Strengths and limitations {#s4b}
-------------------------

The results do not aim to be generalisable, but instead transferable to similar settings within Kerala as a valuable first step towards developing future mHealth interventions. However, our findings are likely to be relevant and generalisable to other rural settings in India, where access to health professionals and healthcare infrastructure is limited, despite the rapidly growing private healthcare sector. The timing of this research is also important, considering the growing interest and feasibility of mHealth applications in India across diverse disease areas.[@R50]

Triangulation, through the use of mixed methodology and multiple data analysers, would strengthen this study by improving validity and producing robust and comprehensive findings. Respondent validation of results may establish the credibility of this research; however, participants are yet to comment on this report at the time of production. The researcher also acknowledges that data saturation is a disputable concept and novel themes may have emerged from further interviews.[@R54]

Areas for future research {#s4c}
-------------------------

mHealth may have a role to play in improving CVD management in rural India in several ways, including improving access to healthcare professionals where resources are limited and task-shifting to non-physician health workers. Lifestyle change and patient education could be influenced by enabling easier access to information and by increasing patient networks. A survey in PHCs quantifying the extent and depth of physicians' perceived barriers to mHealth would be useful in prioritising where the need for adaptation and development of mHealth design is the greatest. Although text messages are feasible in a population with a high literacy rate, it is evident that calling is preferred; future research may investigate the acceptability and feasibility of text message versus call-based interventions.

Conclusion {#s5}
==========

mHealth may be a feasible way to target the current challenges of poor lifestyle and patient education in rural India. Complementary mHealth services may reduce high risk factor prevalence in this setting through health promotion and improved measures of primary prevention. Possible uses of mHealth include improving attendance at follow-up appointments and improving adherence to medications in primary and secondary prevention of CVD. Development of future uses of mHealth must address the barriers put forward by physicians in order to gain further support for its implementation.
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